much more irregular in them than in healthy people. This attracted attention to the possibility of the existence of abnormal states of the acid-base balance in epileptics, and interest in the subject has been revived by the reported success of the ketogenic treatment of the condition. Lennox and Cobb5 in their comprehensive review of the physiology and treatment of the disease considered that the acid-base balance in the body fluids of epileptics was essentially normal, but stated that within the normal limits there may be an abnormal variation to the alkaline side from day to day. It is difficult to judge the changes in the acid-base relations before the fit, owing to the variable interval between the seizures and the lack of sufficient warning when these are imminent. There is none the less a fairly general consensus of opinion that a rise in the alkali reserve of the blood precedes a fit and that the asphyxia and muscular exertion of the seizure produce a compensating acidosis.
It has been claimed6 that an artificial alkalosis produced either by added alkali or by forced breathing leads to an increase in the frequency of the seizures, and that conversely the administration of carbon dioxide, and of acidproducing salts, such as the chlorides of calcium and ammonium, are effective in reducing the number of the fits. No one believes, however, that epilepsy is a simple function of the alkali reserve of the blood, for fits do not stop at once when acidosis is induced, nor do they return immediately when it is released. The attempt to explain these facts more adequately has diverted attention to the water-balance of the body, a subject neglected in this connection since the days of Hippocrates, who recorded the observation that the brains of epileptics were unusually moist, and believed that the disease could be cured by whoever was acquainted with the means by which a man might be rendered humid or dry.7 In 1929, Fay,8 and later M'Quarrie,9 suggested that the most important serological factor in epilepsy was an undue sensitiveness of the patient to changes in water-balance, water being retained during the active phase of the disease, and convulsions being brought about when a positive water-balance above a certain magnitude was established. The diuresis which usually ensues after a seizure temporarily prevented further attacks, and the well-known observation that attacks are most frequent in the early morning was explained by the fact that the individual excretes less water at night. Careful observations of body water-loss by 267 Gamble, Ross, and Tisdall10,11 have further suggested that the epileptic stores fluid between fits, and releases it immediately after a fit, from which it might be suggested that the mechanism of epileptic convulsions may be very similar to that causing the convulsions in other hydrated cerebral states, such as uraemia, eclampsia and traumatic injuries of the head.
In 1931, M'Quarrie and Peeler12 advanced this theory a stage further by demonstrating that in the epileptic child grand mal convulsions could be produced invariably in 12 to 48 hours by giving water to the patient at the rate of 2 to 5 c.c. per kilo body-weight per hour, and inhibiting diuresis by the injection of \ c.c. of pituitrin every three hours. In healthy children, on the other hand, similar forced water intake and pituitrin injections would eventually produce vomiting but not fits.
From these observations it was concluded that dilution of the extra-cellular body fluids was an essential element in the production of seizures, since the substitution of saline for water tended to prevent their occurrence. It has also been shown13,14>15 on animals that convulsions are more easily produced experimentally when hydrated cerebral states exist, and disappear, or are very difficult to produce, when dehydration is maintained. Recent detailed observations by Byrom,10 on the other hand, have failed to show that the fits of epileptics are preceded by any alterations in the daily total exchange of water, though he owns that spontaneous local shifts of water or electrolytes might be taking place across the cell membrane, which are not reflected in the total exchange. The radiographic studies of Dandy17 have shown that in the epileptic patient an increase of supra-cortical fluid can be demonstrated. He ascribed this phenomenon, however, simply to a compensatory collection of fluid to fill the space left by an unexplained atrophy of the brain similar to the increase of supra-cortical fluid found in the mentally deteriorated patient suffering from general paralysis. Fay and Winkelman 1S believe, on the other hand, that this increase of fluid is primary and the brain atrophy secondary to it, and have formulated a mechanical theory of an epilepsy depending more upon the increased fluid over the surface of the brain, than on an cedematous state of the cerebral tissues.
Lastly, Lennox19 in 1928 demonstrated very clearly that anoxaemia caused convulsions to take place in epileptics, whereas a plentiful supply of oxygen had a beneficial effect. 268 The evidence so far gathered suggests that the seizures of epileptics may be precipitated by alkalosis, by water-logging, or by anoxaemia, however induced, and may be diminished in frequency by acidosis, dehydration, or by increased oxygentension in the tissues, however induced.
These three mechanisms, though possibly playing an individual role, are in reality complemental to each other. An acidosis, as Lennox and Cobb5 point out, lowers the oxygen-dissociation curve and allows greater utilisation of oxygen by the tissues, and causes at the same time dehydration, because of the diuresis associated with the increased excretion of fixed base. On the other hand, an alkalosis has the opposite effect of preventing the blood from parting with its oxygen so readily, with resulting oxygenlack in the tissues, and is at the same time accompanied by a retention of fluid owing to retention of fixed base, particularly sodium.
These three factors do not, taken singly or together, explain the whole phenomenon of epilepsy, and it is probable, as Byrom10 says, that a much more complicated, and as yet unknown, mechanism must be postulated, involving the complex equilibrium between water and the various electrolytes of the fluids within or around the neurone.
Undoubtedly, however, such factors play an important part in regulating this unknown mechanism, and in this capacity they may have their therapeutic applications. Thus fasting, the ketogenic diet and restriction of fluids have in common the effect of causing a tendency to dehydration and to a lowering of the alkali reserve of the blood. Dehydration itself produces a slight lowering of the alkali reserve, and it is therefore apparent that there is a most intimate relationship between the acid-base balance and the water-balance of the body, and it is possible that any beneficial effect produced by a ketogenic diet is due rather to its acidic or dehydrating qualities than to the ketosis which it produces; that it effects, in short, a minor degree of the desiccation seen in diabetic acidosis rather than a minor degree of the anaesthetic coma seen in that condition.
With a view to testing these theories further the following work has been undertaken. Firstly, an attempt was made to repeat on adult epileptics M'Quarrie and Peeler's observations on epileptic children with forced water intake and pituitrin injections. Secondly, observations were made on the effect of alkalies in increasing the frequency of seizures. Lastly, an 269 attempt was made to reverse the process and to curtail the frequency of the seizures. A number of different methods were employed to produce this result, and their effectiveness compared.
The Production of Pits?Effect of pituitrin and forced water intake.?For this purpose adult patients were chosen whose fits usually occurred at very rare intervals. Case I.?Male, aged 56-The patient had been brought into hospital on several occasions owing to epileptiform convulsions. The fits though severe had never been numerous, occurring only about once every six months and then only as a single isolated fit. When admitted for investigation on this occasion the patient had had no fit for nine months and was in good health. Two days after admission forced water intake was started, 7790 c.c. being consumed in the twenty-four hours. The next day, while maintaining the water intake, i c.c. of pituitrin was given at 11 a.m., and this was repeated at 2 p.m. No further seizures took place. A week later the observation was repeated, but water was not forced to such an extent. 600 c.c. of water and | c.c. of pituitrin were given every three hours till 2 c.c. of pituitrin had been administered. The patient had a moderately severe fit at 5.30 the next morning. The procedure was repeated the next day and a petit mal attack occurred in the evening, and on the day after, at 9 p.m., the patient had a severe seizure, becoming very noisy and wild after it. The patient had no further fits during the succeeding three months in spite of the fact that he has been on no special treatment.
Case II.?Male, aged 50. The patient had had very infrequent epileptic attacks since youth. There had been no attack for four months prior to admission to hospital. Five days after admission, during which time no attacks occurred, he was given 600 c.c. of water and | c.c. of pituitrin every three hours till 2400 c.c. of water had been drunk and 2 c.c. of pituitrin injected. This procedure began at 7 a.m., and at 5.30 p.m. the patient had a major fit, followed by another at 9.10 p.m. He had a further severe seizure next morning at 11.30 a.m. Three days later the same procedure was repeated but no fits occurred. Three further days were allowed to elapse and then the patient was encouraged to drink water freely, 3450 c.c. being consumed in the twenty-four hours. The next day 600 c.c. of water and \ c.c. of pituitrin were given three-hourly. Only 1200 c.c. of water had been drunk and 1 c.c. of pituitrin injected, however, when a fit 271 2)/i ys Chart i.?Case II. Effect of forced water intake and pituitary injections. Chart I.?Case II. Effect of forced water intake and pituitary injections. occurred at 2.15 p.m. A second and more severe convulsion took place at 8.30 p.m., and a third, fourth, and fifth attack of major epilepsy occurred at 9.30 p.m., ii p.m., and 6.20 a.m. respectively. Similar results were obtained with forced water intake and pituitrin injections in two other cases of infrequent epilepsy.
These experiments seem to prove conclusively that the observations of M'Quarrie and Peeler on epileptic children apply equally to epileptic adults, even when no increase is made on the child's dose of pituitrin. Similar quantities of pituitrin are indeed used therapeutically in a variety of conditions without producing a convulsive state in non-epileptic patients, though it is true that in such cases forced water intake is not usually combined with the drug.
Effect of Bicarbonate of Soda.?The effect of dosage with bicarbonate of soda on the incidence of fits was also observed :
30 grams were given two-hourly to four epileptics who normally averaged from one to three grand mal attacks a week. The invariable result was some increase in the average frequency of the fits, coincident with a rise in the alkali reserve of the blood.
This increase in frequency was very marked indeed in two of the cases (cf. V.). Typical results are shown in Chart 2 and at the end of Chart 3.
Though we believe from these observations that a sudden raising of the alkali reserve of the blood may be detrimental to epileptics, we obtained no evidence to show that between attacks there was any abnormality of their acid-base equilibrium, as measured by the C02-combining power of the blood, using Van Slyke's method. The alkali reserve of the blood of twelve epileptics while on a normal diet and on a normal fluid intake, was noted on numerous occasions and was always within normal limits, showing no obvious tendency even to keep towards the upper limit of normality. The blood of one patient, which was removed on two occasions during a fit showed, as might be expected, a definite degree of acidosis (cf Chart 2).
The Control of Pits.?Our aim in this connection was to determine some regimen which would control the seizures or at least diminish their number and severity. The foregoing observations suggested that in order to attain this objective, two factors were of importance: (1) The patient should be dehydrated to some extent; (2) the alkali reserve of the blood should be reduced, at any rate to the lower limit of normality. A diet was therefore planned which, though by no means a ketogenic diet, contained a reduced carbohydrate content?only ioo to 130 grams a day being given?and while containing the necessary calories sufficient to satisfy the patient's metabolic, requirements did not allow of any luxus consumption. There can be no doubt that changes in carbohydrate intake exercise a considerable effect on water-balance, water being retained when the carbohydrate of the diet is increased and eliminated when it is low. Gamble10 has shown that the body cells when metabolising carbohydrate require approximately two-thirds more fluid than they do when metabolising protein.
In addition, the patient's fluid intake was cut down to the minimum consistent with comfort, and the diet given was itself a dry one. Elimination of fluid was encouraged by the daily administration of a sufficient dose of salts to obtain one or two somewhat watery stools daily, and 10 grams of urea were given twice a day to stimulate diuresis. The alkali reserve of the blood was reduced by the administration of 20 to 40 grains of ammonium chloride three times a day, depending on the patient's response as determined by the C02-combining power of the blood. We considered that these simple measures could well be carried out by the epileptic in his own home, where he vol. xl. no. v. was also encouraged to take hard muscular exercise in order to assist the elimination of water by the skin. In hospital, where hard exercise was not possible, a similar object was achieved by an occasional hot-air bath.
With the object of defining the effect of this regimen clearly, patients were chosen who had regular major or minor epileptic seizures with considerable frequency, and in whom any marked change in the frequency of the attacks could be shown to bear relation to the procedures undertaken. It was, however, found difficult to obtain patients who not only had fits in sufficient number and regularity for our purpose, but who were also willing to stay in hospital for the long period of time necessary for proper observations to be made. It was apparent that in the case of a patient who only had one or two fits a month it would take years before the value of any therapeutic procedure could be adequately assessed. Nine patients were eventually obtained who, it was hoped, would conform to the required standards in that they were reputed to take fits frequently and regularly. Of these, one insisted on leaving hospital before sufficient data were obtained, and the fits of three others became so irregular and infrequent under the influence of simple hospitalisation that the effect of the various procedures adopted became a matter of much doubt. We have not, therefore, included their results, though our impression is that dehydrating treatment was of some benefit to them. The remaining five patients remained under close observation in hospital for periods of time varying from three to six and a half months.
After admission, the patients were kept on an ordinary diet, without fluid restriction, and receiving no medicines, for a suitable period of time, until standard conditions had been established, when the average number of seizures were carefully recorded. Observations were also made of the alkali reserve of the blood and the daily intake and output of fluid. The body weight was also noted daily. After this control period the patients were subjected to the dehydrating regimen described above and the average incidence of fits was again recorded. These two dietetic periods were usually repeated several times during the patient's stay in hospital, and their effects contrasted with periods when the patient was subjected to ketogenic treatment, or to an ordinary diet in combination with luminal. The effect was also noted of combining luminal and the acid salt with the full dehydrating treatment. The effect of the various therapeutic procedures, which were not employed in any special order, is given below. Major.
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1-9 [2] [3] Cases III. and IV. suffered from a mixture of major and minor fits ; Cases V. and VI. from major fits only ; and Case VII. from minor fits only.
Dehydrating Treatment.?A sharp fall in weight due to fluid loss was the invariable result of the dehydrating and acidic treatment. This was usually most marked during the first few days of the treatment, but the weight tended to become steady at a lower level as treatment was continued. After a few days it usually became slightly difficult to obtain blood specimens by venepuncture, the veins becoming collapsed. Coincidently with the dehydration the alkali reserve of the blood was somewhat reduced. Frequently a rough relationship could be traced between the fall in weight, the fall in the alkali reserve and the reduction in the number of the fits icf. Chart 3).
In Case III. dehydration effected a reduction in the number of major fits by one-half, but the number of minor fits was reduced to a much less extent. In Case IV. the major fits were also considerably reduced, the minor fits being proportionately increased, so that it seemed as though the usual major attacks were replaced by minor attacks. Fay20 has noted this effect and believes that when dehydration is well established the general seizures either disappear or become so focal that the stimulus does not involve more than a small area, so that there remain only Jacksonian attacks without loss of consciousness or bilateral manifestations. The treatment had no noticeable effect on Case V., either beneficially or the reverse. The frequency of the seizures in Case VI. was reduced under the influence of dehydration by more than a half, and those which occurred were somewhat less severe than usual, though they remained grand mal in type. In Case VII. the minor seizures vol. xl. no. v. 275 u 2 were also somewhat reduced, but in this case it will be seen that the results were so chaotic as to be quite inexplicable, and no stress is therefore laid on the reduction in the number of seizures during the dehydration periods.
The beneficial effects of this regimen were sometimes gratifying during the first few days, and then often showed a tendency to wear off as the treatment was continued, the fits sometimes returning in flood towards the end of the observation period. This contrasts with the observations of Fay21 who states that the full beneficial effects of dehydration are not usually manifest for some weeks, but are then maintained. Fay insisted, however, upon very drastic fluid restriction, only allowing his patients from ten to twenty ounces in the twentyfour hours. We were anxious, if possible, to cause dehydration without resort to such drastic fluid restriction and without the meticulous measurements of fluid intake and output insisted on by Fay.21 It is probable, however, that in our cases the fluid restriction was not sufficiently strict. Another possible explana-276 Chart 3.?To show relationship between alkali reserve of blood, body weight, and incidence of seizures in different regimes. During periods of ordinary diet water was unrestricted and no drugs were given. Chart 3.?To show relationship between alkali reserve of blood, body weight, and incidence of seizures in different regimes. During periods of ordinary diet water was unrestricted and no drugs were given.
tion of this discrepancy lies in the fact that we administered ammonium chloride as part of the treatment, and Lennox19 believes that though the administration of such a salt results at first in a reduction in seizures it may be followed later by an increase in their number, owing possibly to an accumulation of chloride in the tissues.
In the later out-patient treatment of our cases we have omitted the acid salt, and relied simply on restricted fluid, carbohydrate and salt intake, and free movement of the bowels. It is our definite impression that the results have been better than when the acid salt was included, though this may well have a temporary place in the control of seizures during the first few days of treatment.
The Ketogenic Treatment.?The diets used had a value of about 2600 calories, and contained a minimum quantity of carbohydrate, a reduced quantity of protein and a maximum quantity of fat, giving a glucose-fatty acid ratio of about 1 to 3.
The carbohydrate content was varied from 20 to 30 grams., according to the degree of ketosis produced.
The effect of an induced ketosis was to halve the major fits in Cases IV. and VI., the minor fits in Case IV. being again increased, once more suggesting that they were taking the place of the grand mal attacks. In Case III. practically no effect was observed on the major seizures though the number of the minor fits was reduced.
Our results in the treatment of out-patient epileptics with such diets have been disappointing. The patients have found it difficult to maintain a ketosis in their own homes, and even when this had been attained it has not resulted in any marked reduction in the number of fits. We considered this complex, expensive, and somewhat disagreeable method of treatment unsatisfactory since it lacks to a great extent universality of application. Adults are notoriously refractory to it and require a much higher ketogenic anti-ketogenic ratio than children to produce ketosis. Whatever success such diets may have in the treatment of early cases of juvenile epilepsy, the results seem to be disappointing when the condition has become well established, and particularly so when the patient is an adult.
Treatment by Luminal.?Luminal proved much the most powerful of the therapeutic agents observed. Small doses were employed in order that the further effect of superimposed dehydration might be observed, half a grain twice a day being administered to Cases V. and VI., and a grain 277 twice a day to Cases III., IV., and VII. The exhibition of the drug, without any further treatment, caused a complete disappearance of the fits in Case VI. and a significant reduction in their number in Cases III., IV., and V. Case VII. was as usual intractable, the petit mal being slightly more frequent when she received luminal than when she was without it.
One other case?not included in the table?proved resistant to luminal, his condition apparently becoming worse while under the influence of the drug, and being obviously improved on a return to bromide.
It will be seen that further improvement was evident when the dehydrating and acidic treatment was combined with the luminal.
The beneficial effects of luminal in epilepsy are already well known and do not require to be further stressed. The disadvantages of a purely sedative and symptomatic treatment are, however, obvious, and it would be ideal if some method of treatment could be established which would replace the drug, or at any rate render it effective in minimal doses. Though our somewhat equivocal and limited results do not indicate that this substitute has been found, they are at least suggestive that dehydrating and dietetic measures may play a considerable part in the therapeutics of epilepsy. It is, however, essential, in order to establish the effect of any remedial measure in this disease that large numbers of cases of early epilepsy, suffering from frequent attacks, should be observed over long periods of time. Such material was not available for our study, but there is no doubt that it exists in many neurological clinics and epileptic colonies, and it is with a view to stimulating interest in this line of research among those who are in daily contact with such cases that this paper has been written.
Conclusions.
1. The production of major seizures by forced intake of fluid and inhibition of diuresis by pituitrin has been confirmed in epileptic adults.
2. The administration of alkalies also causes an increase in the occurrence of fits coincident with a rise in the alkali reserve of the blood.
3. No abnormality in the acid-base balance of the blood was demonstrable between fits in a series of 12 cases, but a definite acidosis occurred during the convulsion. 278 4. The therapeutic effects of dehydration were observed in a small series of epileptic cases who were having seizures every day. During the periods of dehydration definite beneficial effects were noted in four out of five cases. This improvement compared favourably with that produced by the ketogenic diet, but was not as good as that produced by an adequate dose of luminal. The effects of luminal were, however, enchanced by maintaining a state of dehydration.
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